INTRODUCTION
Spintronic is the study of intrinsic spin of the electron in addition to its fundamental charge for applications in solid-state devices. In this research field, a major challenge is the development of suitable spin transport channels with long spin lifetime and spin propagation on long-distance.
Graphene (G), a single atomic layer of graphitic carbon, is a very promising spin channel material owing to its room-temperature spin transport with long spin-diffusion lengths of several micrometers, gate-tunable carrier concentration, and high electronic mobility [1] .
In order to implement G in spintronic devices, a careful study of G/ferromagnetic metal interface must be undertaken [2] . In this scenario the choice of the substrates for the growth of long range ordered single layer G is critical. Several materials such as Ni, are ferromagnetic on their own, while others, such as Rh or Pd, are characterized by strong metal-G interaction [3] . A weak G-substrate interaction is mandatory in order to highlight the effects of a further deposited and intercalated ferromagnetic metal layer on the electronic structure of the composite system. We decided [2] to use Pt(111) as substrate and Fe as intercalant because of its peculiar electrical and magnetic properties and the large knowledge accumulated by surface science studies on Fe/Pt(111) system, for its peculiar out-of-plane magnetization axis [4] .
The electronic interactions induced by Fe intercalation are quite subtle and require the use of advanced investigation tools. In the present work we present different results acquired at ELETTRA synchrotron: photoemission from core-level were performed at CNR-BACH beamline, angle resolved photoemission spectroscopy (ARPES) was carried out at Spectromicroscopy beamline; moreover the results were interpreted with the assistance of spin polarized density functional theory (DFT) calculations. We also performed scanning tunnelling microscopy (STM) experiments in order to disentangle intrinsic effects (electronic hybridization) from the role of structural defects, which may be present at the interface. Interestingly, the structure of the G layer is not modified by intercalation thanks to a possible epitaxial matching between Fe and Pt, moreover G can protect Fe layers from oxidation.
This suggests that this bimetallic system is an ideal trial ground to investigate the electronic coupling between G and metals, ruling out other spurious effects.
RESULTS AND DISCUSSION
G was grown by dosing 150 L of C2H4 at 1000 K on Pt (111) [5] and then cooling down the crystal at 30 K/min in UHV. Fe was deposited in-situ by PVD at room temperature (RT) on G/Pt(111) to obtain Fe/G/Pt(111). As shown by STM topographies (Figure 1.a) , the Fe layer displays a Volmer-Weber type 3D island growth mode. The intercalated system, G/Fe/Pt(111), was obtained by depositing Fe on the G/Pt(111) kept at 600 K. The STM data reported in Figure 1 .b,c indicate that, after 0.3 ML Fe deposition at 600 K, Fe monolayer islands are formed on the Pt surface, which are covered by a continuous unperturbed layer of G, without the formation of any structural defects, which could induced spurious magnetic effect [6] or modification sin the electronic structure of G. For core-level photoemission experiments, an increasing amount of Fe was evaporated on the surface (0.5, 1.0 and 1.5 ML), whereas for ARPES experiments only the 1 ML coverage was chosen to avoid a strong attenuation of the G spectroscopic features. Figures 2.b,c,d show the evolution of the C 1s photoemission line as a function of Fe coverage. The deconvolution of C 1s photoemission line into single chemically shifted components highlights the metal/G interaction. Three different components were clearly identified: the peak at BE=284.16 eV is due to unperturbed sp 2 atoms, whereas the two new components at 284.40 eV and 285 eV are associated with the formation of the Fe/G interface, as confirmed by the intensity increase as a function of metal deposition. The component at 284.40 eV is likely connected to C sp 2 atoms underneath a metal island. The shift toward higher BE with respect to uncovered C atoms is the consequence of the strong cohesive energy between G and Fe. In the G/Fe(1.5 ML)/Pt(111) intercalated system, the peak at 284.16 eV, which is the fingerprint of G in contact with Pt(111), is completely suppressed (Figure 2 .e). In the case of G/Fe/Pt(111), the residual presence of the peak at 285 eV is probably due to the trapping of Fe into G defects. The photoemission data and STM therefore indicate that the intercalation is quantitative and leads to flat islands with an exclusive Fe/G interface.
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Valence band mapping by ARPES is useful to have a straightforward evidence of G band hybridization in contact with different metals. ARPES data show major differences in the G band dispersion between G/Pt(111) and G/Fe interfaces. In the G/Pt(111) case (Figure 3.a) , the G band displays a linear dispersion close to the K point as in quasi-freestanding layer. On the contrary, when G is in contact with Fe, either because it supports Fe NPs (in Fe/G/Pt(111), Figure 3 .b), or as a consequence of the intercalation (in G/Fe/Pt(111), Figure 3 .c), a relevant hybridization of its band with Fe 3d states can be observed. The experimental data show that the G electronic structure is strongly modified by the Fe interface: from the to K point of the BZ, the dispersion of the band is very similar to the G/Pt(111) case until the band crosses the energy range of the Fe 3d levels (4 eV). Starting from this point, the band deviates from the linear dispersion typically observed around the K point, bending and remaining pinned at about 2.4 eV below the Fermi level. A closer look to the G/Fe/Pt(111) close to G K point (Figure 3 .d) the band splits in two components at about 3 eV. One branch continues up to 0.6 eV and the other remains pinned at 2.4 eV, helped by spin polarized DFT calculations (for details see Ref. [2] ), this split was related to G majority and minority spin band structures of G/Fe(1 ML)/Pt(111); the G spin degeneracy is removed by the contact of only one Fe monolayer.
By photoemission we also interestingly observed that dosing molecular oxygen at RT on G/Fe/Pt(111), Fe is perfectly protected from oxidation by G [2] . 
CONCLUSIONS
Thanks to synchrotron based spectroscopies, STM and DFT calculations we obtained detailed information on G iron interface. To summarize, the system G/Fe/Pt(111) is a strong candidate to study G magnetism in 2D devices for three principal reasons:
1. G sp 2 lattice homogenously covers the Fe intercalated islands without inducing structural defects that could induce spurious magnetism; 2. even if G is in contact with only one layer of ferromagnetic metal its spin degeneracy is removed; 3. intercalated Fe islands are efficiently protected by G from oxidation, which is a fundamental requirement for the development of practical devices.
